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Description

This invention relates to a system for control-
ling the rotation of a spindle, and more particu-
larly to a spindle rotation control system which is
adapted to rotate the spindle of a machine tool at
a commanded speed, to stop the spindle at a
commanded position with a high accuracy, and to
increase the rigidity at which the spindle is held
when at rest.

Some machine tools which are known in the art
have an automatic toa! changing function that
allows machining to be performed automatically
while a variety of tools are changed, also auto-
matically. The tool changing operation proceeds
as follows. First, a magazine holding a number of
tools is revolved to bring a vacant tool holding
portion of the magazine into position directly
above a spindle mechanism. The spindle
mechanism, which is grasping an old tool to be
exchanged for a new one, is then projected
forwardly, after which the magazine positioned
above the spindle mechanism is lowered to per-
mit the old tool to be received and grasped by the
vacant tool holding portion of the magazine. The
spindle mechanism is then retracted so that the
old tool separates from the spindle, thus transfer-
ring the old tool to the magazine. Next, the
magazine is revolved to bring a desired new tool
into position in front of the spindle, and the
spindle mechanism is projected forwardly to re-
ceive and grasp the new tool. Finally the
magazine is raised away from the spindle to
complete the tool change operation.

It is required in the tool change mechanism of
the foregoing type that the fitting portions of the
spindle and a tool be mated smoothly during the
changing of tools. In other words, if a specified
point on the spindle is not stopped accurately at a
predetermined rotational position, the tool chang-
ing operation cannot proceed smoothly. To this
end, machine tools having the conventional auto-
matic tool change function are provided with a
photoelectric detector or with a limit switch
mechanism for detecting the position of a key on
the spindle. The arrangement is such that the
spindle is brought to a stop at the predetermined
rotational position by the application of a
mechanical brake which is actuated in response
to a signal from the detecting means. Then, with
the spindle stopped at the predetermined posi-
tion, a pin projecting from the spindle is engaged
with a keyway to fix and position the spindle
accurately. Since this method makes use of the
mechanical pin mechanism, however, the
operator may accidentally apply an excessive
force to the pin and cause it to bend. In such a
case it would be impossible to stop the spindle at
the predetermined rotational position, thereby
giving rise to an occasion where the changing of
tools could not be performed smoothly. Avoiding
this situation usually entails troublesome main-
tenance and inspection work as well as the fre-
quent replacement of the pin.

The present inventors have already proposed a
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spindle rotation control system which enables a
spindle to be stopped at a predetermined rota-
tional position with a high accuracy without the
use of a mechanical brake or mechanical stopping
mechanism, and which permits the spindle to be
rotated at a commanded speed. The previously
proposed system is illustrated in Figs. 1 through
4, Fig. 1 shows a block diagram of a servo system
employed in controlling spindle rotation, Fig. 2 is
an illustrative view useful in explaining the oper-
ation of the servo system, Fig. 3 is a biock
diagram of a circuit for generating a position
deviation signal, and Fig. 4 is a waveform dia-
gram of signals associated with the circuit of Fig.
3.

Referring to Figs. 1 and 2, there are provided a
speed control circuit 1, a DC motor 2, a tachome-
ter generator 3 for generating a voltage in accord-
ance with the speed of the DC motor 2, and an
orientation control circuit 4 for producing a volt-
age in accordance with a deviation between a
commanded stopping position and the actual
position of a spindle. Numeral 5 denates a tool, 6
a spindle mechanism on which the tool is
mounted, and 7 is spindle which is coupled to the
DC motor 2 via a belt 8 (or gears). A rotational
position detector 9, such as a resolver or a
position coder which is adapted to generate a
pulse whenever the spindle rotates by a predeter-
mined angle, is connected directly to the spindle 7
for producing a signal in accordance with the
rotational position of the spindle. In the arrange-
ment described hereinafter, the rotational posi-
tion detector adopted will be the position coder.
Numeral 10 denotes a changeover switch. In Fig.
2, an orientation portion 11 must be located at a
predetermined rotational position in order for a
tool to be changed smoothly.

The movable contact of the changeover switch
10 is connected to the side @ when the tool 5
performs a machining operation, so that the
speed control circuit 1 receives a command speed
signal CV from a command speed signal generat-
ing circuit, which is not shown. The speed control
circuit 1 also receives from the tachometer
generator 3 an analog actual speed signal AV of a
voltage level which is in accordance with the
actual speed of the DC motor 2 as measured by
the tachometer. The speed control circuit 1 is
operable to produce an analog voltage in accord-
ance with the deviation between the command
speed signal CV and the actual speed signal AV,
and to apply this analog voltage to the DC motor 2
to regulate its speed to the command speed.
Thus, the speed control circuit 1, DC motor 2,
tachometer generator 3 and a feedback line FL
form a speed control feedback loop which func-
tions to regulate the DC motor as described. This
arrangement is well known in the art and need not
be described in more detail.

When the machining work is completed and the
DC motor 2 is to be stopped, the command speed
signal CV is switched over to a value such as zero
volts, and the speed of the motor is reduced while
applying an electrical brake thereto. Then, imme-
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diately before the motor comes to rest, namely at
such time that the speed of the motor has reached
a fairly low level, an orientation command signal
CPC is applied to the changeover switch 10, so
that the movable contact of the switch is changed
over from the side a to the side b.

The orientation control circuit 4 is adapted to
produce a position deviation signal RPD, which is
an analog voltage, in accordance with the devia-
tion between a commanded stopping position
which has been predetermined, and the actual
rotational position of the spindle.

Reference will be had to Figs. 3 and 4 to
describe the operation of the orientation control
circuit 4 for a case in which there is but one
stopping position for the orientation portion 11 on
the spindle 7. The arrangement is such that the
position coder 9 produces a single pulse RP for
each revolution of the spindle, and pulses PP each
one of which is produced whenever the spindle
rotates by a predetermined angle, the position
coder 9 generating a total of N pulses for each
single revolution of the spindle 7. The position
coder 9 is mounted on the spindle 7 in such a
manner that it issues the one-revoliution pulse RP
at such time that the orientation portion 11 on the
spindle has rotated 180° from the commanded
stopping position STP, shown in Fig. 2. A counter
41 shown in Fig. 3 is set to the numerical value N
upon the generation of the pulse RP, and then has
this preset value decremented by each pulse PP
that subsequently arrives from the position coder.
A digital-to-analog converter (referred to as a DA
converter hereinafter) 42 converts the output of
the counter 41 into an analog voltage DAV which
is applied to an analog subtractor 43, the [atter
producing a difference voltage SV between the
analog voltage DAV and a constant voltage Vc.
Accordingly, if the voltage V¢ is set to 1/2 the peak
value of the analog voltage DAV from the DA con-
verter, the difference voltage SV will have a
sawtooth waveform that crosses the zero level at
such time that 180° is covered by the spindle from
the generation of the pulse RP, as shown in Fig. 4.
Since the commanded stopping position of the
spindle is displaced by exactly 180° from the point
at which the puise RP is generated, as described
above, the orientation portion 11 on the spindle
reaches the commanded stopping position at the
moment the difference voltage SV crosses the
zero level. It should be noted that the difference
voltage SV is proportional to the position devia-
tion signal RPD.

Therefore when the changeover switch 10 in
Fig. 1 is changed over to the b side, the speed
control circuit 1 delivers a difference voltage
between the position deviation signal RPD and
the actual speed signal AV, whereby positional
servo control is executed to make the position
deviation signal RPD zero. Thus, the speed controi
circuit 1, DC motor 2, spindle 7, position coder 9,
orientation control circuit 4 and changeover
switch 10 form a position control feedback loop. If
the orientation portion 11 on the spindle 7 is
oriented as shown in Fig. 2(a), the spindle 7 will
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rotate counterclockwise and the orientation por-
tion 11 will stop correctly at the commanded
stopping position STP. Similarly, if the orientation
portion 11 is oriented as shown in Fig. 2(b), the
spindle will rotate clockwise and the orientation
portion will stop correctly at the commanded
stopping position.

Thus the previously proposéd system rotates
the spindle correctly at the commanded speed
during rotation, and stops the spindle at the
commanded stopping position when the spindle
is to be stopped.

The DC motor employed in the above system to
drive the spindle has a large inertia, so that it is
necessary to reduce the gain of the speed control
loop in view of system stability, that is, in order to
preclude spindle overshoot and hunting. In other
words, since this inertia is 5 to 20 times that of a
DC motor employed in a feed servo system in
which steady-state deviation and follow-up devia-
tion pose problems, the gain of the spindle speed
control loop is considerably low as compared to
the gain of the feed servo system. This means that
the spindle remains at rest with little rigidity and
is likely to be turned by an externally applied
force, such as may result from contact with the
operator, or is likely to be rotated along with the
motor if the latter is subjected to a mechanically
eccentric load. This alters the rotational position
at which the spindle is stopped and prevents tools
from being changed smoothly. Furthermore, if
the spindle orientation control circuit is applied to
an apparatus such as a turning center that has a
spindle indexing fucntion, the spindle is likely to
move during a cutting operation owing to the low
rigidity of the spindle. This makes it impossible to
machine a workpiece accurately. It is conven-
tional practice, therefore, to make use of mechani-
cal means such as a pin to prevent spindle
rotation, but this complicates both the operating
procedure and the mechanism itself.

Attention is directed to EP—A2—0012 619,
published 25th June 1980 but which forms part of
the state of the art by virtue of Article 54(3) EPC,
US—A—3 704 510 and FR—A—2 388 640 in rela-
tion to spindle orientation control.

Further, attention is directed to
US—A—3 320 502, US—A—3 644720 and
US—A—3 731 176 in connection with automatic
gain control.

US—A—3 320 502 discloses, in connection with
a numerical control positioning system, for
example for positioning a machine part such as a
carriage with respect to a machine bed, means for
reducing servo loop gain while coming into posi-
tion below the gain level utilized when in position.
In particular loop gain is made dependent upon
the rate of change of error signal level, where the
amplitude of the error signal is proportional to the
instantaneous displacement of the moving
member from its final position.

US—A—3 644 720 discloses circuitry for digi-
tally implementing gain variation as a function of
input signal magnitude.

US—A—3 731 176 is concerned with controlied
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stopping of a motor, moving at known speed,
using a speed control servo-mechanism which
compares actual speed-versus-distance decelera-
tion profile to an optimum or desired speed-
versus-distance profile. At a point when the speed
servo is assumed to have reduced motor speed to
a low level, preferably zero, a stop-lock control
servo mechanism is enabled which implements a
motor control algorithm which provides in-
creased servo gain when the motor is moving
away from the stop-lock position; that is, depen-
dent upon the direction of movement of the
motor.

According to the present invention there is
provided a system for controlling the rotation of a
spindle driven by a motor, comprising

an orientation control circuit operable to pro-
duce a position deviation signal on the basis of
rotational position of the spindle and a com-
manded stopping position,

speed detecting means for detecting the speed
of the motor and for producing a signal indicative
of the actual speed thereof; and

a motor control circuit operable on the basis of
the position deviation signal to control rotation of
the motor, and hence the spindle, to reduce the
position deviation signal to zero, and operable
alternatively to receive a command speed signal
and to control the motor so as to narrow o zero a
deviation between the signal indicative of the
actual speed thereof and the command speed
signal; there being changeover means for apply-
ing the position deviation signal produced by said
orientation control circuit, in response to an orien-
tation command signal, to the motor control
circuit instead of the command speed signal,

characterised in that

gain increasing means are provided for raising
the gain of the motor control circuit and that said
orientation control circuit includes a first circuit
for detecting that the signal indicative of the
actual speed of the spindle has dropped below a
fixed level, and a second circuit for detecting that
the position deviation signal has fallen below a
fixed level, said orientation control circuit
generating an in-position signal by taking the
AND of a detection signal from said first circuit, a
detection signal from said second circuit, and the
orientation command signal, and applying said
in-position signal to said motor control circuit to
cause the gain increasing means to raise the gain
thereof.

An embodiment of the present invention can
provide a spindle rotation control system which
will not allow a spindle of a machine tool to be
rotated by an externally applied force when the
spindle is at rest at a predetermined rotational
position owing to the application of an electrical
brake. :

An embodiment of the present invention can
provide a novel spindle rotation control system
which reduces gain when the spindie is rotating
but which increases the gain when the spindie is
at rest in order to prevent the spindle from being
easily rotated by an external force applied at such
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time, and which is further adapted to permit the
spindle to be restored to the predetermined stop-
ping position by the restoring force of a position
control loop even if the spindle should happen to
be rotationally displaced by a small degree owing
to a large external force, and which allows the
stability of the system to be maintained while the
spindle is rotating.

Reference is made, by way of example, to the
accompaning drawings, in which:—

Fig. 1 is a block diagram of a servo system
employed in controlling the rotation of a spindle
in accordance with a previous proposal;

Fig. 2 is an illustrative view useful in explaining
the operation of the servo system of Fig. 1;

Fig. 3 is a block diagram of a circuit for generat-
ing a position deviation signal;

Fig. 4 is a waveform diagram of signals asso-
ciated with the diagram of Fig. 3;

Fig. 5 is a circuit block diagram of a spindie
rotation control loop which is useful in describing
the spindie rotation control system according to
the present invention;

Fig. 6 is a waveform diagram of signals asso-
ciated with the diagram of Fig. 5;

Fig. 7 is a block diagram of another circuit for
generating a position deviation signal for another
embodiment of the invention;

Fig. 8 is a waveform diagram of signals asso-
ciated with the diagram of Fig. 7; and

Fig. 9 is a graph of an armature current-speed
deviation characteristic.

Referring now to Figs. 5 and 6, and more
particularly to Fig. 5 wherein like reference
numerals designate parts which are similar to
those shown in Figs. 1 and 3, there are shown a
speed command circuit 101 and an orientation
command circuit 102, the former producing a
speed command signal CV and the latter an
orientation command signal CPC. The speed con-
trol circuit 1 includes an adder 111 which is
adapted to deliver a difference voltage between
the command speed signal CV and the actual
speed signal AV from the tachometer 3, a well-
known phase compensating circuit 112 which
subjects the phase of the servo system to a phase
compensation by advancing or retarding the
phase, and a thyristor circuit 113 having a plu-
rality of thyristors whose firing angles are con-
trolled by a firing signal from a voltage-to-phase
converting circuit 114 which be described here-
inafter, the thyristor circuit responding by regulat-
ing the voltage applied to the DC motor 2. It
should be noted that this speed control system is
known as a thyristor Leonard system. The speed
control circuit 1 includes also a voltage-to-phase -
converting circuit 114 which controis the firing
angle of each thyristor in the thyristor circuit 113
in accordance with the deviation between the
command speed signal CV and the actual speed
signal AV, the voltage applied to the DC motor 2
being increased when the deviation is large and
decreased when the deviation is small, so that the
speed of the DC motor is made to follow the
commanded speed.
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A loop changeover circuit 141 receives the
orientation command signal CPC from the orien-
tation command circuit 102 and switches the
movable contact of the changeover switch 10.
Numeral 142 denotes the deviation signal
generating circuit shown in Fig. 3, the circuit
being adapted to generate also an orientation
completion signal PSC when the positioning of
the spindle is complete. A circuit 143 generates an
“in-position” signal INPOS when a specified point
{the orientation portion 11) on the spindle 7
arrives at the vicinity of the command stopping
position, the signal INPOS being fed to the phase
compensating circuit 112 to switch over the gain.
The loop changeover circuit 141, position devia-
tion signal generating circuit 142 and the in-
position signal generating circuit 143 form the
orientation control circuit 4.

Reference will now be had to Fig. 6 to describe
the operation of the present invention, that is, the
positional control of the spindle. The control of
spindle speed, namely the speed of the DC motor
2, is executed in exactly the same manner as with
the previously proposed apparatus shown in Fig.
1.

When a machining operation is completed
{time 1t,), the speed command signal CV from the
speed command circuit 101 decreases to zero
volts, so that the actual speed signal AV of the DC
motor 2 begins decreasing. The orientation com-
mand circuit 102 generates the orientation com-
mand signal CPC at a predetermined time t,
which is immediately before the motor 2 comes to
rest. It can be so arranged that the signal CPC is
generated automatically a predetermined time
after the production of the signal that stops the
DC motor 2, or when the actual speed signal AV
has dropped below a fixed level following the
production of said signal. The generation of the
orientation command signal CPC causes the loop
changeover circuit 141 to switch the movable
contact of the changeover switch 10 from the side
a to the side b, thereby actuating the position
control feedback loop. The adder 111 now pro-
duces the difference voltage between the position
deviation signal RPD from the position deviation
signal generating circuit 142 and the actual speed
signal AV from the tachometer generator 3. This
difference voltage is applied to the voltage-to-
phase converting circuit 114 through the phase
compensating circuit 112. The circuit 114 controls
the firing angle of each thyristor in the thyristor
circuit 113 in accordance with the value and
polarity of the difference voitage, thereby varying
the voltage which is applied to the DC motor 2. As
a result, the speed of the DC motor 2 is reduced
further so as to narrow the difference voitage to
zero. Meanwhile the orientation command signal
CPC, the actual speed signal AV and the position
deviation signal RPD are also being applied to the
in-position signal generating circuit 143. The cir-
cuit 143 is adapted to generate the in-position
signal INPOS when the orientation command
signal CPC, and signals VZS and PZS, which will
be described hereinbelow, are a logical “1” simul-
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taneously. The signal VZS, formed within the
circuit 143, goes to logical “1” when the actual
speed signal AV falls to a value of substantially
zero, that is, when it reaches a low level Ve. The
signal PZS, also formed within the circuit 143,
goes to logical “1"" when the position deviation
signal RPD drops below a predetermined level Vp.
Thus, when the three signals CPC, VZS, PZS attain
the high level, the output of an AND gate which is
included in the circuit 143 and which receives the
three signals, goes to logical ““1”, thereby giving
rise to the in-position signai INPOS. This signal is
applied to the phase compensating circuit 112
whose gain rises two to threefold as a result. It is
preferred that the in-position signal INPOS be
generated when the specified point on the spindle
is within a range of from £3° to £5° with respect
to the predetermined stopping position. After the
generation of the signal INPOS, the position
control feedback loop operates to stop the
specified point (such as the orientation portion 11
in Fig. 2) on the spindle at the stopping position in
an accurate manner.

The phase compensating circuit 112 is based on
a well-known design and has not been described
in detail. The changeover in gain mentioned
above can be accomplished with facility by
switching resistance values or by a similar expe-
dient. Moreover, while the case described above
deals with raising solely the gain of the phase
compensating circuit 112, this is not particularly
restrictive. It would suffice equally well to vary the
gain of an amplifier in any one of the circuits.
What is important is that arrangement be capable
of raising the gain of the feedback loop.

The present invention also is not restricted to
the structure of the position deviation signal
generating circuit 142 shown in Fig. 3. Another
embodiment of the circuif, wherein a position
coder is employed as the position detector, is
illustrated in Fig. 7. The associated waveforms are
shown in Fig. 8. In Fig. 7, a line receiver 44
receives from the position coder 9 position pulses
PA, PB, each one of which is produced whenever
the spindie rotates by a predetermined angle, and
a single revolution pulse RP which is produced for
each revolution of the spindie. The position pulse
trains PA, PB are displaced from each other by a
phase of 2. A quadrupling circuit 45 differen-
tiates the position pulses PA, PB and produces
pulses PP that coincide with the positive- and
negative-going transitions of the pulses PA, PB,
the result being a puise train having a frequency
which is four times that of the PA, PB pulse trains,
respectively. A circuit 46 detects the single revolu-
tion pulse RP. A stopping position setting switch
47 is closed by the orientation command CPC, and
a stopping position setting circuit 48 issues a
pulse RP’. More specifically, if the single revolu-
tion pulse RP is generated while the stopping
position setting switch 47 is closed, the circuit 48
issues the pulse RP’ after N'-number of pulses PP
have been produced following the generation of
the pulse RP. The orientation portion 11 in Fig. 2 is
opposite the commanded stopping positon STP
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at the instant the pulse RP’ is generated. At said
instant, in other words, the orientation portion 11
is displaced by 180° from the position STP. A
presettable reversible counter 49 is preset to a
value of M/2 by the pulse RP’, where M is the
number of pulses PP that are generated for one
revolution of the spindle. After the counter 49 has
been preset, the content of the counter is incre-
mented or decremented by each generated pulse
PP in accordance with the rotational direction of
the spindle. A digital-to-analog converter
(referred to as DA converter hereinafter) 50 is
supplied with the content of the counter, namely
with the sign and numerical value of the count,
and converts the numerical value into an analog
signal which is issued as the position deviation
signal RPD whose polarity depends upon the sign
of the received numerical value. A slicing circuit
51 compares the position deviation signal RPD
with constant voltages +Vc¢, —Vc and generates
an orientation completion signal PEN when the
signal RPD lies between the two levels +Ve¢, —Ve.
A direction discrimination circuit 52 monitors the
phases of the position signals PA, PB to discrimi-
nate the direction of spindle rotation and send a
direction signal DS to the reversible counter 49.
The direction discrimination is based upon the
fact that the position pulses PA will lead the
position pulses PB in phase when the spindle is
rotating in the forward direction, and wiil lag
behind the position pulses PB when the spindle is
rotating in the reverse direction. Thus the position
deviation signal RPD issued from the DA con-
verter 50, and shown in Fig. 8, is in accordance
with the rotational position of the spindle. This
signal is applied to the speed control circuit 1,
shown in Fig. 5, through the changeover switch
10, after which the position control operation is
executed as described above. It can be appreci-
ated that the position deviation signal generator
embodied in Fig. 7 makes possible orientation
.control of a much higher precision in comparison
with the arrangement of Fig. 3.

The graph of Fig. 9 shows the armature current-
deviation (output of the adder 111) characteristic
of the position controi loop, with the armature
current plotted along the vertical axis and the
deviation along the horizontal axis. The solid line
indicates the case for a high gain, and the dotted
line the case for low gain. From this it can be
understood that increasing the gain provides a
much greater armature current at the same devia-
tion. And since rotational torque is proportionai to
armature current, the higher the gain, the greater
the torque (restoring force) and hence, the higher
the rigidity at which the spindle is held when at
rest.

In accordance with the present invention as
described above, lowering the gain during rota-
tion allows the stability of the system to be
enhanced, while raising the gain when the spindle
is at rest enables the rigidity of the system to be
increased. Therefore the spindle will not rotate
easily when subjected to an external force, and
can be returned to the commanded stopping
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position even if the spindie should happen to be
displaced slightly by an extremely large external
force. the gain can be switched over by means of
a very simple circuit arrangement and therefore
does not raise the cost of the system. The
mechanical operability of the system also is
greatly enhanced since it is not necessary to
insert a key or the like to secure the spindie
against rotation.

While the present invention has been described
and illustrated in connection with just one stop-
ping position, it can be adapted to stop a spindle
at a plurality of such positions located at 0°, 90°,
180° 270°, etc. In such case, however, the orien-
tation command circuit 102 would have to be
adapted to issue commands indicating the partic-
ular stopping position, and the orientation control
circuit 4 would have to be modified to generate a
position deviation signal RPD in accordance with
each of the possible stopping positions.

Although the present invention has been de-
scribed in its preferred form with a certain degree
of particularity, it is obvious that many modifica-
tions and variations are possible in the light of the
above teachings. It is therefore to be understood
that within the scope of the appended claims, the
invention may be practiced otherwise than as
specifically described.

Thus, an embodiment of this invention pro-
vides a system for controlling the rotation of a
spindle, there being a motor, a speed detector for
detecting the speed of the motor and for produc-
ing a signal indicative of the actual speed thereof,
a speed control circuit for controlling the motor so
as to narrow a deviation between the signal
indicative of the actual motor speed and a com-
mand speed signal, a spindle which is driven by
the motor, and an orientation control circuit for
producing a position deviation signal on the basis
of the rotational position of the spindie and a
commanded stopping position, wherein the spin-
dle is rotated at a commanded speed by the speed
control circuit and rotationally controlled in
response to an orientation command signal so as
to reduce the position deviation signal to zero.
The gain of the speed control circuit is raised
upon detecting that the rotational position of the
spindle has reached the vicinity of the com-
manded stopping position, whereby the spindle
which comes to rest at the commanded stopping
positon is held at such position rigidly as if
secured there by a mechanical brake. Hence the
spindle will not rotate accidentally even if sub-
jected to an external force.

Claims

1. A system for controlling the rotation of a
spindle (7) driven by a motor (2}, comprising

an orientation control circuit (4) operable to
produce a position deviation signal (RPD) on the
basis of rotational position of the spindie and a
commanded stopping position (STP),

speed detecting means (3) for detecting the
speed of the motor (2) and for producing a signal
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{(AV) indicative of the actual speed thereof; and

a motor control circuit (1) operable on the basis
of the position deviation signal to control rotation
of the motor (2), and hence the spindle {7), to
reduce the position deviation signal to zero, and
operabile alternatively to receive a command
speed signal (CV) and to control the motor {(2) so
as to narrow to zero a deviation between the
signal (AV) indicative of the actual speed thereof
and the command speed signal (CV); there being
changeover means (141, 10} for applying the
position deviation signal {RPD) produced by said
orientation control circuit {4), in response to an
orientation command signail (CPC), to the motor
control circuit (1) instead of the command speed
signal (CV),

characterised in that

gain increasing means (112) are provided for
raising the gain of the motor control circuit (1) and
that said orientation control circuit (4) includes a
first circuit for detecting that the signal (AV)
indicative of the actual speed of the spindle (7)
has dropped below a fixed level (Ve), and a
second circuit for detecting that the position
deviation signal (RPD) has fallen below a fixed
level {(Vp), said orientation control circuit {4}
generating an in-position signal (INPOS) by taking
the AND of a detection signal from said first
circuit, a detection signal from said second circuit,
and the orientation command signal (CPC), and
applying said in-position signal {INPOS) to said
motor control circuit (1) to cause the gain increas-
ing means to raise the gain thereof.

2. A system as claimed in claim 1, wherein the
gain increasing means are operable for raising
the gain of the motor control circuit by a
changeover of gain, for example by switching
resistance values.

3. The system according to claim 1 or 2, in
which said in-position signal {INPOS) is applied to
a phase compensating circuit (112) included in
said motor control circuit (1).

4, The system according to claim 1, 2 or 3, in
which a position coder is mounted on said spindle
(7) for generating a one-revolution pulse (RP)
whenever said spindle (7) makes one revolution,
and for generating N-number of position pulses
(PP) for each revolution of said spindle (7}, and in
which said orientation control circuit (4) includes
a counter (41} which is preset to the numerical
value N by the one-revolution puise (RP) and
whose content is counted down by each genera-
ted position pulse (PP), a digital-to-analog con-
.verter {42) for converting the content of said
.counter into an analog signal voltage (DAV), and a
subtracting circuit (43) for subtracting a fixed
voltage value (Vc) from the output voltage of said
digital-to-analog convertor, the output (SV) of
said subtracting circuit serving as the position
deviation signal.

5. The system according to claim 1, 2 or 3, in
which a position coder is mounted on said spindle
(7) for generating a one-revolution pulse (RP)
whenever said spindle makes one revolution, and
for generating a plurality of position pulses (PP)
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for each revolution of said spindle, and in which
said orientation control circuit (4) includes a
stopping position setting circuit {(48) which is set
to a numerical value N’, a reversible counter (49)
which is set to a numerical value M correspond-
ing to a predetermined angle when position
puises in accordance with the numerical value N’
have been generated following the generation of
the one-revolution pulse, the content of said
reversible counter being counted up or counted
down by each arriving position pulse (PP} in
accordance with the direction of rotation of said
spindle, and a digital-to-analog converter {50) for
converting the content of said reversible counter
into an analog signal voltage, the stopping posi-
tion of said spindle being changed by the numeri-
cal value N’ set in said stopping position setting
circuit, and the output of said ditital-to-analog
converter serving as the position deviation signal.

6. The system according to claim 5, in which
said predetermined angle is set to 180°.

7. The system according to claim 1, in which
said changeover means includes a changeover
switch (10) provided on the input side of said
motor control circuit {4), and a loop changeover
circuit (141), said loop changeover circuit receiv-
ing an orientation command signal and respond-
ing by switching over said changeover switch to
apply the position deviation signal to sajd motor
control circuit when said spindle is at rest at the
commanded stopping position.

Revendications

1. Systéme de commande de la rotation d’une
broche (7) entrainée par un moteur (2), compre-
nant:

un circuit de commande d‘orientation (4)
agencé pour produire un signal d’écart de posi-
tion (RPD) sur la base de la position en rotation de
la broche et d'une position d’arrét de consigne
(STP),

des moyens de détection de la vitesse (3) pour
détecter la vitesse du moteur (2) et pour produire
un signal {AV) représentatif de la vitesse réelle de
celui-ci; et

un circuit de commande de moteur (1) agencs,
sur la base du signal d’écart de position, pour
controler la rotation du moteur (2), et donc de la
broche (7), pour ramener le signal d'écart de
position & zéro, et agencé pour alternativement
recevoir un signal de vitesse de consigne (CV) et
controler le moteur (2) de maniére & ramener &
zéro un écart entre le signal {AV) représentatif de
la vitesse réelle de celui-ci et le signal de vitesse
de consigne (CV); des moyens de commutation
(141, 10) étant prévus pour appliquer le signal
d'écart de position (RPD) produit par ledit circuit
de commande d’orientation (4), en réponse & un
signal de consigne d’orientation (CPC), au circuit
de commande de moteur (1) a la place du signal
de vitesse de consigne (CV),

caractérisé en ce que: :

des moyens d’augmentation du gain (112) sont
prévus pour accroitre le gain du circuit de com-
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mande de moteur (1} et en ce que le circuit de
commande d‘orientation {4) comprend un pre-
mier circuit pour détecter que le signal (AV)
représentatif de la vitesse réelle de la broche (7) a
chuté au-dessous d’un niveau fixe (Ve), et un
second circuit pour détecter que le signal d'écart
de position {(RPO) est tombé au-dessous d'un
niveau fixe (Vp), ledit circuit de commande d’o-
rientation {4) engendrant un signal de position
correcte (INPOS) en réalisant la fonctioin ET sur
un signal de détecton provenent dudit premier
circuit, un signal de détection provenant dudit
second circuit, et le signal de commande d’orien-
tation (CPC), et appliquant ledit signal de position
correcte (INPOS) au circuit de commande de
moteur (1) pour amener les moyens d’augmenta-
tion du gain & accroitre le gain de celui-ci.

2. Systeme selon la revendication 1, dans lequel
les moyens d’augmentation du gain sont agencés
pour accroitre le gain du circuit de commande de
moteur par une commutation du gain, par exem-
ple en commutant des valeurs de résistances.

3. Systéme selon la revendication 1 ou 2, dans
lequel le signal de position correcte (INPOS) est
appliqué a un circuit de compensation de phase
{112) inclus dans ledit circuit de commande de
moteur (1).

4. Systéme selon la revendication 1, 2 ou 3,
dans lequel un codeur de position est monté sur
la broche (7) pour engendrer une impulsion d’une
révolution (RP) a chaque fois que la broche {7)
effectue une révolution, et pour engendrer un
nombre N d'impulsions de position (PP) pour
chaque tour de la broche (7), et dans lequel le
circuit de commande d’orientation {(4) comprend
un compteur (41) qui est initialement chargé avec
la valeur numérique N d’impulsions d'un tour
{RP) et dont le contenu est décrémenté par cha-
que impulsion de position engendrée (PP), un
convertisseur numeérique/analogique (42) pour
convertir le contenu du compteur en une tension
de signal analogique (DAV), et un circuit soustrac-
teur {43) pour soustraire une valeur de tension
fixe (Vc) de la tension de sortie dudit convertis-
seur numeérique/analogique, la sortie (SV) du
circuit soustracteur tenant lieu de signal d'écart
de pasition.

5. Systéme selon la revendication 1, 2 ou 3,
dans lequel un codeur de position est monté sur
la broche {7) pour engendrer une impulsion d’un
tour {RP) a chaque fois que la broche (7} effectue
un tour, et pour engendrer un ensemble d'impul-
sions de position (PP) pour chaque tour de la
broche ({7), et dans lequel le circuit de commande
d’orientation {4) comprend un circuit de réglage
de la position d'arrét (48) qui est chargé a une

valeur numérique (N’), un compteur réversible -

{49) qui est chargé & une valeur numérique (M)
correspondant & un angle prédéterminé lorsque
les impulsions de position conformes a la valeur
numérique (N’) ont été engendrées a la suite de la
création des impulsions d'un tour, le contenu
dudit compteur réversible étant incrémenté ou
décrémenté par chaque arrivée d'impulsion de
position (PP) en fonction du sens de rotation de
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ladite broche, et un convertisseur numérique/
analogique (50) pour convertir le contenu du
compteur réversible en une tension de signal
analogique, la position d’arrét de la broche étant
modifiée par la valeur numérique (N’) chargée
dans ledit circuit de réglage de la position d'arrét,
et la sortie du convertisseur numérique/analogi-
que tenant lieu de signal d'écart de position.

6. Systéme selon la revendication 5, dans lequel
ledit angle prédéterminé est réglé & 180°.

7. Systéme selon la revendication 1, dans lequel
les moyens de commutation comprennent un
commutateur {10} prévu du c6té de |'entrée du
circuit de commande de moteur (4), et un circuit
de commutation de boucle (141), ledig circuit de
commutation de boucle {(141) recevant un signal

- de consigne d’orientation et répondant en com-

mutant ledit commutateur pour appliquer le si-
gnal d'écart de position au circuit de commande
de moteur lorsque ladite broche est au repos en
ladite position d’arrét de consigne.

Patentanspriiche

1. System zum Steuern der Drehung einer
Spindel (7), die durch einen Motor (2) angetrieben
wird, bestehend aus

einer Drehlagensteuerschaltung (4), die betreib-
bar ist, um ein Positionsabweichungssignal (RPD)
auf der Grundlage der Drehposition der Spindel
und einer befohlenen Anhalteposition (STP} zu
erzeugen,

einem Drehzahlerfassungsmittel (3) zum Erfas-
sen der Drehzahl des Motors (2) und zum Erzeu-
gen eines Signals (AV), das die tatsdchliche Dreh-
zahl des Motors anzeigt, sowie

einer Motorsteuerschaltung (1), die auf der
Grundlage des Positionsabweichungssignals be-
treibbar ist, um die Drehung des Motors (2) und
demzufolge der Spindel (7) zu steuern, um so das
Positionsabweichungssignal bis auf Null zu ver-
ringern, und die alternativ dazu betreibbar ist, um
ein Drehzahlbefehlssignal (CV) zu empfangen und
um dem Motor (2) derart zu steuern, dal? eine
Abweichung zwischen dem Signal (AV), das die
tatsdchiiche Drehzahl der Motors anzeigt, und
dem Drehzahlbefehissignal (CV) gegen Null zu
verringern ist, wobei ein Umschaltmittel (141, 10)
zum Anlegen des Positionsabweichungssignals
(RPD), welches durch die Drehlagensteuer-
schaltung (4) erzeugt wird, anstelle des Dreh-
zahlbefehlssignals (CV} in Abhéangigkeit von
einem Drehlagenbefehissignal (CPC) an die
Motorsteuerschaltung (1) vorgesehen ist,

dadurch gekennzeichnet,

daB ein Ubertragungsfaktorerhdhungsmittel
{(112) zum Erhéhen des Ubertragungsfaktors der
Motorsteuerschaltung (1) vorgesehen ist und

dal} die Drehlagensteuerschaltung (4) eine er-
ste Schaltungsanordnung zum Erfassen der Tat-
sache, dal das Signal (AV), welches die tatsachli-
che Drehzahl der Spindel (7) anzeigt, unter einen
bestimmten Pegel {Ve) gefalien ist, und eine
zweite Schaltungsanordnung zum Erfassen der
Tatsache, dall das Positionsabweichungssignal
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(RPD}) unter einen bestimmten Pegel (Vp) gefallen
ist, enthéait, wobei die Drehlagensteuerschaltung
(4) ein Signal “In Position” (INPOS) durch Bilden
der UND-Verknlpfung eines Erfassungssignals
aus der ersten Schaltungsanordnung, eines
Erfassungssignals aus der zweiten Schaltungs-
anordnung und des Drehlagenbefehissignals
{CPC) erzeugt und das Signal "In Position” (IN-
POS) an die Motorsteuerschaltung {1) legt, um
das Ubertragung§faktorerh6hungsmittel Zu ver-
anlassen, seinen Ubertragungsfaktor zu erhdhen.

2. System nach Anspruch 1, dadurch gekenn-
zeichnet, daf’ das Ubertragungsfaktorerhéhungs-
mittel zum Erhéhen des Ubertragungsfaktors der
Motorsteuerschaltung durch ein Umschalten des
Ubertragungsfaktors, z. B. durch Schalten von
Widerstandswerten, betreibbar ist.

3. System nach Anspruch 1 oder 2, dadurch
gekennzeichnet, da3 das Signal “In Position”
{INPOS) einer Phasenvergleichsschaltung (112)
zugeflihrt wird, die in der Motorsteuerschaltung
(1) enthalten ist.

4. System nach Anspruch 1, 2 oder 3, dadurch
gekennzeichnet, daf} auf der Spinde!l (7) ein
Positionscodierer zum Erzeugen eines Impulses
“Eine Umdrehung” (RP) jedesmal dann, wenn die
Spindel (7) eine Umdrehung ausfihrt, und zum
Erzeugen einer Anzahl N von Positionsimpulsen

(PP} fiir jede Umdrehung der Spindel (7) montiert .

ist, und daR die Drehlagensteuerschaltung {4)
einen Zahler (41), der auf den numerischen Wert
N durch den Impuls “Eine Umdrehung” (RP)
voreingestellt wird und dessen Inhalt durch jeden
erseugten Postionsimpuls (PP) herabgezéhit wird,
einen DigitalAnalog-Wandler (42} zum Umsetzen
des Inhaltes des Zahlers in eine analoge Signal-
spannung (DAV) sowie eine Subtrahierschaltung
(43) zum Subtrahieren eines ersten Spannungs-
wertes (Vc) von der Ausgansspannung des Digi-
tal/Analog-Wandlers enthalt, wobei ein
Ausgangssignal {SV) der Subtrahierschaltung als
das Positionsabweichungssignal dient.

5. System nach Anspruch 1, 2 oder 3, dadurch
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gekennzeichnet, dall auf der Spindel (7) ein
Positionscodierer zum Erzeugen eines Impulises
“Eine Umdrehung” (RP) jedesmal dann, wenn die
Spindel eine Umdrehung ausfihrt, und zum Er-
zeugen einer Vielzahl von Positionsimpulsen (PP)
diir jede Umdrehung der Spindel montiert ist, und
daf3 die Drehlagensteuerschaltung {4) eine An-
haltepositions-Einstelischaitung (48), die auf
einen numerischen Wert N’ gesetzt wird, einen
umkehrbaren Zahler (49), die auf einen numeri-
schen Wert M gesetzt wird, welcher mit einem
vorgestimmten Winkel korrespondiert, wenn
Positionsimpulse in Ubereinstimmung mit dem
numerischen Wert N’ folgend auf die Erzeugung
des impulses “Eine Umdrehung” erzeugt worden
sind, wobei der Inhalt des umkehrbaren Zshlers
durch jeden eintreffenden Positionsimpuls (PP) in
Ubereinstimmung mit der Richtung der Drehung
der Spindel herauf- oder herabgezahit wird, sowie
einen Digital/Analog-Wandler {50) zum Umsetzen
des Inhaltes des umkehrbaren Zahlers in eine
analoge Signalspannung enthait, wobei die
Anhaiteposition der Spindel durch den numeri-
schen Wert N’, welcher in der Anhaltepositions-
Einstellschaltung gesetzt ist, verdndert wird und
wobei das Ausgangssignal des Digital/Analog-
Wandlers als das Positionsabweichungssignai
dient.

6. System nach Anspruch 5, dadurch gekenn-
zeichnet, daR der vorbestimmte Winkel auf 180°
eingestellt ist.

_ 7. System nach Anspruch 1, dadurch gekenn-
zeichnet, dal3 das Umschaltmitte! einen Umschal-
ter {10), der auf der Eingangsseite der Motor-
steuerschaltung (4) vorgesehen ist, und eine
Schleifenumschalteinrichtung (141) enthélt, wo-
bei die Schleifenumschalteinrichtung ein
Drehlagenbefehissignal empfangt und durch das
Umschalten des Umschalters wirkt, um das
Positionsabweichungssignal an die Motorsteuer-
schaltung abzugeben, wenn sich die Spindel in
der befohlenen Anhalteposition in Ruhe befindet.
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